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(54) Improved multi-layer golf ball 

(57) An improved multi-layer golf bail comprises a core, an inner cover layer and an outer cover layer. The 
inner cover layer is comprised of a high acid ionomer or ionomer blend which may or may not include a filler 
such as zfnc-stearate. The outer cover layer is comprised of a soft, very low modulus ionomer or ionomer 
blend, or a non-ionomeric thermoplastic elastomer such as polyurethane, polyester or polyesteramide. The 
resulting multi-layered golf ball of the present invention provides for enhanced distance without sacrificing 
payability or durability when compared to known multi-layer golf balls. 
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IHPHOVED HPLTI -LAYER GOLF BALL 

The present invention relates to golf balls and, more 
particularly, to improved golf balls comprising multi-layer covers 
which have a hard inner layer and a relatively soft outer layer. 
The improved multi-layer golf balls provide for enhanced distance 
and durability properties while at the same time offering the 
"feel" and spin characteristics associated with soft balata and 
balata-like covers of the prior art. 

Traditional golf ball covers have been comprised of 
balata or blends of balata with elastomeric or plastic materials. 
The traditional balata covers are relatively soft and flexible, 
upon impact, the soft balata covers compress against the surface of 
the club producing high spin. Consequently, the soft and flexible 
balata covers provide an experienced golfer with the ability to 
apply a spin to control the ball in flight in order to produce a 
draw or a fade, or a baokspin which causes the ball to "bite- or 
stop abruptly on contact with the green. Moreover, the soft balata 
covers produce a soft ..feel" to the low handicap player. Such 
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playability properties (workability, feel, etc.) are particularly 
important in short iron play with low swing speeds and are 
exploited significantly by relatively skilled players. 

Despite all the benefits of balata, balata covered golf 
balls are easily cut and/or damaged if mis-hit. Golf balls 
produced with balata or balata-containing cover compositions 
therefore have a relatively short lifespan. 

As a result of this negative property, balata and its 
synthetic substitutes, trans-polybutadiene and transpolyisoprene, 
have been essentially replaced as the cover materials of choice by 
new cover materials comprising ionomerio resins. 

lonomeric resins are polymers containing interchain ionic 
bonding. as a result of their toughness, durability and flight 
characteristics, various ionomeric resins sold by E. X . DuPont de 
amours i company under the trademark -aurlyn- and more recently 
by the Exxon Corporation (see „. S. Patent Ho. 4..11. «l, under the 
trademarks "Escort and the trade name have become the 

materials of choice for the construction of golf ball covers over 
the traditional .-balata" (transpolyisoprene, natural or synthetic, 
rubbers. As stated, the softer balata covers, although exhibiting 
enhanced payability properties, lack the durability (cut and 
abrasion resistance, fatigue endurance, etc., properties required 
for repetitive play. 

Ionomeric resins are oanerallv 

generally ionic copolymers of an 

olefin, .uch . 8 .th y l.n., .„ d . BeUl „ >u Q( „ 
crboxylic .cia. such „ ryllc ^ Mt „ accyUo ^ ^ 
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some portion of the acidic group in the copolymer resulting in a 
thermoplastic elastomer exhibiting enhanced properties, i.e. 
durability, etc., for golf ball cover construction over balata. 
However, some of the advantages gained in increased durability have 
been offset to some degree by the decreases produced i„ 
Payability. This is because although the ionomeric resins are 
very durable, they tend to be very hard when utilized for golf ball 
cover construction, and thus lack the degree of softness required 
to impart the spin necessary to control the ball in flight. slnce 
the ionomeric resins are harder than balata, the ionomeric resin 
covers do not compress as much against the face of the club upon 
impact, thereby producing less spin. In addition, the harder and 
-re durable ionomeric resins lack the "feel., characteristic 
associated with the softer balata related covers. 

As a result, while there are currently more than fifty 
(50, commercial grades of ionomers available both from BuPont and 
Exxon, with a wide range of properties which vary according to the 
type and amount of metal cations, molecular weight, composition of 
the base resin (i.e., relative content of ethylene and methacrylic 
and/or acrylic acid groups, and additive ingredients such as 
reinforcement agents, etc. , a great deal of research continues in 
order to develop a golf ba ii COV6 r composition exhibiting not only 
the improved impact resistance and carrying distance properties 
produced by the .-hard" loncneric resins, but also the payability 
(i.e. "spin", "feel.., etc<) characteristics previously associated 
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with the "soft" balata covers, properties which are still desired 
by the more skilled golfer. 

Consequently, a number of two-piece (a solid resilient 
center or core with a' molded cover) and three-piece (a liquid or 
solid center, elastomeric winding about the center, and a molded 
cover) golf balls have been produced by the present inventor and 
others to address these needs. The different types of materials 
utilized to formulate the cores, covers, etc. of these balls 
dramatically alters the balls' overall characteristics. i„ 
addition, multi-layered covers containing one or more ionomer 
resins have also been formulated in an attempt to produce a golf 
ball having the overall distance, payability and durability 
characteristics desired. 

This was addressed by Spalding * Evenf lo Companies, inc. 

in U. s. Patent Ho. 

4.4 31 ,l„ where a » ul ti-l. y .r.d golf u ,„ ^ 

MM patent, a »ulti-l.y.r golt ban 1. produced by lnUUU , 
-■nam, . f irst cover Uy . c on , mrtmlal ooc . ^ ^ ^ 

second ,.„«. The flrst layer im aoufrlscd of m hM ^ 

""^ " sl "° u » ""«»»> ««* as type l605 suclyn . ,„„„ 
desisted surlyn. .940,. Type l 605 Surlyn. (Suclvn . ,„„ , 
eoalu„ ,„„ b , S6 d low acid (less than or egual to IS weight percent 
a.thacrylio acid, loner r.sin having a Ulmil BOIlulus „ ( about 

PSl - A " ° Uter U »« °< * <=<»P«.Uv.ly .o (t , i„ H timnl 
»odulus resinous .ateri.l .uch as typ. ,s 56 sur lyn . ( „ ol( designated 
suriyn. ,0,0, i. .olded over the inner cover l.yar. Typ. le55 



surlyn. (Surlyn. 9020) is a zlno lon based low acld (1Q weighfc 

percent methacrylic acid, ionomer resin having a fiexural modulus 
of about 14,000 psi. 

The ' l93 patent teaches that the hard, high fiexural 

»odum B realn whlch ooroprlaeB the flrat layer provides fQr a gain 

In coefficient of restitution over the coefficient of restitution 
of the core. The increase in the coefficient of restitution 
provides a ball which serves to attain or approach the maxi-um 
initial velocity Unit of 255 feet per second as provided by t ha 
United States Golf Association (U.S.G.A.) rules. The relatively 
"ft, low fiexural modulus outer layer provides essentially no gain 
in the coefficient of restitution but provides for the advantageous 
"feel., and playing characteristics of a balata covered golf ball. 
Unfortunately, however, while a ball of the < 193 patent doea 
exhibit enhanced payability characteristics with improved distance 
(i.e. enhanced C.o.R. values, over a number of other known multi- 
layered balls, the ball suffers from poor cut resistance and 
relatively short distance (i.e. lower C.o.R. values, when compared 
to t„o- P iece, single cover layer balls. These undesirable 
Properties make the ball produced in accordance with the '!93 
patent unacceptable by today's standards. 

The present invention is directed to new »ulti-layer golf 
ball compositions which provide for enhanced coefficient of 
restitution (i.e, enhanced resilience or carrying distance, and/or 
durability properties when compared to the multi-l ayer balls found 
in the prior art, as well as improved outer cover layer softness 
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and durability. As euch< fch . plByabiUty characterl6tics ^ 

"feel", ..click", "spin", etc., are not diminished. 

These and other objects and features of the invention 
will be apparent from the following sugary and description of the 
Invention, the drawings and from the claims. 

The present invention is directed to improved multi-layer 
golf ball cover compositions end the resulting multi-layer golf 
balls produced using the improved composition . The novel nultl . 
layer golf ball covers of the present invention include a first or 
inner layer or ply of a high acid (greater than 16 weight percent 
aoid, ionomer or ionomer blend and second or outer layer or ply 
comprised of a comparatively softer, low modulus ionomer, ionomer 
blend or other non-ionomerio thermopiastic elastomer such as 
polyurethane, a polyester elastomer such as Hytrel. polyester 
elastomer of E .x. OuPont de Hemours I Company, or a polyesteramide 
such as the Elf At ochem S.A. Pebax. polyesteramide. Preferably 
the outer cover layer includes a blend of hard and soft low acid 
(i.e. 16 weight percent acid or less) ionomers. 

It has been found that the recently developed high acid 
ionomer based inner layer, provides for a substantial increase in 
resilience (i.e., enhanced distance, over Known multi-layer covered 
balls. The softer outer layer provides for desirable -f.... and 
high spin rate while ma i„ talning reBpactable reslllencv> The flQft 
outer layer allows the cover to deform more during impact and 
increases the area of contact between the club face and the cover 



thereby imparting more spin on the ball. As a result, the soft 
cover provides the ball with a tal.t.-llk. faeI and pla y ablUty 
characteristics with improved distance and durability, 
consequently, the overall combination of the inner and outer cover 
layers results in a golf ball having enhanced resilience (improved 
travel distance) and durability (i.e. cut resistance, etc., 
characteristics while maintaining and in many instances, improving 
the balls playabillty properties. 

The combination of a high acid ionomer or ionomer blend 
inner cover layer with a soft, relatively low modulus ionomer, 
ionomer blend or other non-ionomeric thermoplastic elastomer outer 
cover layer provides for excellent overall coefficient of 
restitution (i.e., excellent resilience) because of the improved 
resiliency produced by the inner cover layer. while some 
improvement in resiliency is also produced by the outer cover 
layer, the outer cover layer generally provides f or a more 
desirable feel and high spin, particularly at lower swing speeds 
with highly lofted clubs such as half wedge shots. 

Two principal properties involved in golf ball 
performance are resilience and hardness. Resilience is determined 
by the coefficient of restitution (C.O.R.), the constant ... which 
1. the ratio of the relative velocity of two elastic spheres after 
direct impact to that before impact. As a result, the coefficient 
of restitution can vary from o to i, wlth x belng equlvalent 

to an elastic collision and 0 being equivalent to an inelastic 



collision. 



-8- 

Resilience (C.O.R.), along with additional factors such 
as club head speed, angle of trajectory and ball configuration 
(i.e., dimple pattern) generally determine the distance a ball „iu 
travel when hit. 6 i nce club head Bpeed and ^ ^ ^ 

are factors not easily controllable by a manufacturer, factora of 
concern among manufacturers are the coefficient of restitution 
(c.o.r.) and the surface configuration of the ball. 

The coefficient of restitution (c.o.R.) ln 8olld core 
balls is a function of the composition of the molded core and of 
the cover. i n ba n B containing a wound core (i.e., balls 
comprising a ii qu id or solid center, elastic windings, and a 
cover), the coefficient of restitution is a function of not only 
the composition of the center and cover, but also the composition 
and tension of the elastomeric „i ndings . Although ^ ^ ^ 
and the cover contribute to the coefficient of restitution, the 
Present invention is directed to the enhanced coefficient of 
restitution (and thus travel distance, which is affected by the 
cover composition. 

In this reg.rd, the coefficient of re.titutlon of a gol, 
b.U ie genereiiy by proD . UJng , ^ , ^ ^ 

■gelnst . „„ d aur(ace .„„ ammiat bau<e ^ 

outgoing velocity electronically la „ tl 

tunicaxiy. As mentioned above, the 

coefficient of restitution la i-k„ j.j 

etitution U the r.tio of the outgoing velocity to 

the mooing velocity. Tho coefficient of restitution »„at he 
cerefui,, control in .„ o^,., ^ ^ ^ 

*H to he within th . e P .oi tlo . tlon . regia „ tM ^ ^ ^ ^ 
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Golf Association (U.S.G.A.,. Along this line, the U...O.A. 
standards indicate that a .'regulation" ball c Bnnot have an initial 
velocity (i.e., the speed off the club, exceeding 255 feet per 
second. since the coefficient of reatitution of a ball lm related 
to the ball's initial velocity, it is hlghly des i rabl e to produce 
a ball having sufficiently high coefficient of restitution to 
closely approach the U.S.G.A. limit on initial velocity, „ hile 
having an ample degree of softness (i.e., hardness, to produce 
enhanced payability (i.e., spin, etc.). 

The hardness of the ball is the second principal property 
Involved in the performance of a golf ball. The hardness of the 
ball can affect the playability of the ball cn striking and the 
sound or ..click" produced. Hardness is determined by the 
deformation (i.e., compression, of the ball under various load 
conditions applied across the ball's diameter (i.e., the lower the 
compression value, the harder the material,. As indicated in U.S. 
Patent Ho. 4,674,751, softer covers permit the accomplished golfer 
to impart proper spin. This ia because the softer covers deform on 
impact significantly more than balls having ..harder" ionomeric 
resin covers. As a result, the better player is allowed to impart 
fade, draw or backspin to the ball thereby enhancing playability. 
such properties may be determined by various spin rate tests such 
as the "nine iron- spin rate test described below in the Examples. 

Accordingly, the p reBent invention is directed to an 
improved multi-layer cover which produces, upon molding each layer 
around a core (preferably a solid core, to formulate a multi-layer 
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cover, a golf ball exhibiting enhanced distance (i.e., resilience, 
without adversely a ff ecti ng , and in many lnstances , lnprovlng ^ 
-all's playability (hardness/softness) and/or durability (i.e., cut 
resistance, fatigue resistance, etc., characteristics. 

These and other objects and features of the invention 
will be apparent from the following detailed description 
and the accompanying drawings which are b y way of example. 

FIG. x iB a cross-sectional view of a golf ball embodying 
the invention illustrating a core 10 and a COV er 1 2 consisting of 
an inner layer u and an outer layer 16 havlng dlmples ^ 

"G. 2 is a diametrical cross-sectional view cf a golf 

ball of the invention having a core 10 and » „ 

y « core io and a cover 12 made of an 
inner layer 14 and an outer lau sr i« . . 

ar "yer 16 having dlmpleiie. 

The present invention relate i 
- _ . relates to improved multi-layer 

or inner layer or dIv 14 «^ - 

_ t Ply 14 and a 8eco ^ °* outer layer or ply 16 

z ;:; iayer r ls compriBea ° ( a - i9h - ~ - 
» ly , th . lnner loyer jb oomprisoa o( a bund . 

t . v . riM . . xt . nt . by dlmc . nt Mtsi citiona 

; ner ; over uw - -* . • 
.*«»*., « » th „ Mtal f „ tty >old Mlt ihe purpoea 
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-t.l stearate or other metal fatty acld 6alt 1b fco ^ ^ ^ 

of production without affecting the overall performance of the 
finished golf ball. 

The inner layer conditions include the high acid 
ionomers such aa those recently developed by E. I. DuPont de 
««our. t company under the trademark -Surly.,." and by Exxon 
corporation under the trademark "Eeccr... or tradename "lotek", or 
blends thereof. Exanipl e 8 of compositions which may be used aethe 
inner layer herein are set forth in detail ln copending u. S . 
Serial Ho. 07/776,803 filed October 15, „„, and Serial |Jo 
07/.01...0 filed June „. 1992 , botn lncorporated herein fay 

reference. of course, the inner layer high acid ionomer 
compositions are not lifted ln any way fcQ fchose OOInposltlons ^ 
forth in said copending applications. Tor e * ample , the ftlgn acld 
ioncmer resins recently developed by Spalding * Evenflo Companies 
inc., the assignee of the present invention, and dlsclosed ln „ J 
Serial „o. 07/ 901 , 6 B0, filed ,une 19 , 1992 , lnoorporated nerein fay 
reference, may also be utilized to produce the inner layer of the 
»ulti-layer cover used in the present invention. 

The high acid ionomers which may be suitable for use in 
formulating the inner layer compositions of the subject invention 
are ionic copolymers which are the metal, i.e., Bodiuraf ^ 
-gnesium, etc., salts of the reaction p roduct of an ^ 
from about 2 to a carbon atoaa and an unsaturated monocarboxylic 
acid having from about 3 to e carbon atoms. Preferably, the 
ionomeric resins are copolymers of ethylene and either acrylic or 
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w . «(»••-. 1~- or n-butyl.oryl.t., « c .) can 

b. Inoluded to produoa . .oft... t 
„ cl „ '°"" r '«P°H"«r. Th« c.rboxyllo 

«» M, h aoI d iononer r . ai „„ „ nlch My ^ ^ 

to about 25| fay wslnh* ■_ 

by weight of a carboxyHc acldf 

-ut to aboufc 21>s % by weight ^ a carbQxyiio ^ 

Although the lnner lByer oover conpoaitiQn 

>ude B . hlgh acld lonomerlc reain ^ fche BcQpe 

embraC8S aU kn ° W " "* resins falllng J. J 

parameters Bet forth above# Qn 9 Wlthln the 

these hioh ..mi relatively li mlte(i number 

these high acid ionomerio resins have recentlv h 

available. recently become commercially 

The high acid ionomerio resins available fro m , 
the designation .. E scor... and or . Iotrt . J ' " — 

the hi^h ^ , ' B °n»ewhat similar to 

trademark. However, since the Eecor./lotek ionom , 
sodium or zinc salts of i i°nomeric resi„ 8 are 

salts of poly(ethylene-acryllc acini 

-.^ „ , lno , . odluBi ^ " ■» - 

exist. "itferences in properties 

Examples of the high acid methaorylic acid b 
found suitable f or UBe ln _ „ . * ' 0ld ba " d *«»o..r. 

in accordance with this invention include 
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Surlyn* AD-8422 (sodium cation), Surlyn* 8162 (zinc cation,, 
Surlyn* SEP-503-1 (zinc cation,, and Surlyn* SEP-503-2 (magnesium 
cation,. According to DuPont, all of these ionomers contain from 
about 18.5 to about 21.5% by weight methacrylic acid. 

More particularly, fiurlyn* AD-8422 is currently 
commercially available from DuPont in a number of different grades 
(i.e., AD-8422-2, AD-8422-3, AD-8422-5, etc., based upon 
differences in melt index. According to DuPont, Surlyn* AD-8422 
offers the following general properties when compared to 
surlyn.8920, the stiffest, hardest of ell on the low aold gradefl 
(referred to as "hard" ionomers in U.S. Patent , lo . 4,884,814,: 



IQliQliEE 

Cation 
Melt Index 
Sodium, Wtl 
Base Resin HI 
HP 1 , «c 
FP 1 , «c 



LOW ACID 
(15 wt* Acid, 
SURLYH* 
8920 



Na 
1.2 
2.3 
60 
88 
47 



COMPRESS ION HO!,nTfl f f» 

Tensile Break, 

P fi i . 4350 

Vleld f pel 2880 

Elongation, I 315 
Flex Hod, 

K P s i 53.2 



HIGH Act n 
(>20 wtt Acid, 
BURLAW* SURLYH* 
8422-^ 8422-3 



Ha 
2.8 
1.9 
60 
86 
48.5 



4190 
3670 
263 

76.4 



Ha 
1.0 
2.4 
60 
85 
45 



5330 
3590 
289 

88.3 



shore D 
hardness 66 
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67 68 



1 *? sc f ec °rid heat, lO'C/min heating rate. 

Samples compression molded at 15Q«C annealed 24 

ito" ttflrl 0 ' i!}"" 2 ' " 3 We " homogenized at 

190 c before molding. 

In comparing Surlyn* 8920 to Surlyn. 8422-2 and Surlyn* 
8422-3, it is noted that the high acid Surlyn. 8422-2 and 8422-3 
ionomers have a higher tensile yield, lower elongation, slightly 
higher Shore D hardness and much higher flexural modulus, surlyn. 
8920 contains 15 weight percent methacrylic acid and is 59* 
neutralized with sodium. 

in addition, Surlyn. SEP-503-l (zi nc cation) and Surlyn* 
SEP-503-2 (magnesium cation, are high acid zinc and magnesium 
versions of the Surlyn. AD 6422 high acid ionomers. Hhen compared 
to the surlyn. AD 8422 high acid ionomers. the Surlyn SEP-503-i and 
SEP-503-2 ionomers can be defined as follows: 

Surlvn» Jnn nmRr ^ MeltJudes Heutra 1 < i» n ^ 

AD 8422-3 Na 1. 0 4S 

SEP 503-1 Zn 0 J 45 

SEP 503-2 M g 1>8 J§ 

Furthermore, Surlyn* 8162 is a zinc cation ionomer resin 
containing approximately 20* by weight (i.e. 18.5-21.5% weight, 
methacrylic acid copolymer that has been 30-70* neutralized. 
Surlyn* 8162 is currently commercially available from DuPont. 

Examples of the high acid acrylic acid based ionomers 
suitable for use in the present invention also include the Escor. 
or lotek high acid ethylene acrylic acid ionomers produced by 



Exxon. In this regard, Escor* or Iotek 959 is a sodium ion 
neutralized ethylene-acrylic neutralized ethylene-acrylic acid 
copolymer.' According to Exxon, loteks 959 and 960 contain from 
about 19.0 to about 2llo% by weight acrylic acid with approximately 
30 to about 70 percent of the acid groups neutralized with sodium 
and zinc ions, respectively. The physical properties of these high 
acid acrylic acid based ionomers are as follows: 



Melt Index, g/10 nln 
Cation 

Helling Point, *f 
Vlcat So fun Ins Point, *f 
ItnsUt 8 Ircak, pal 
Elongation 9 Sreak, X 
Kardnesa, Shore 0 
Mexural Modulua, pal 



2.0 
SodluB 

172 

130 
4600 

325 

U 
66,000 



E5C0k» norrr) oab 

i.e 

Zinc 

174 

131 
3500 
430 

57 
27,000 



Furthermore, as a result of the development by the 
inventor of a number of new high acid ionomers neutralized to 
various extents by several different types of metal cations, such 
as by manganese, lithium, potassium, calcium and nickel cations, 
several new high acid ionomers and/or high acid ionomer blends 
besides sodium, zinc and magnesium high acid ionomers or ionomer 
blends are now available for golf ball cover production. It has 
been found that these new cation neutralized high acid ionomer 
blends produce inner cover layer compositions exhibiting enhanced 
hardness and resilience due to synergies which occur during 
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processing Con.eou.ntly, th . „ etal c . Uon neuttaUiaa fci9h 
ioncer resins re=e„tl y produced can b . b ^ ^ 

.ubst.„t,.,, y harder i„„. r covar laye „ for aultl . layarsd 

bans havin. high „ ,.„.„... than thoec produoM fcy mu 
longer inner eov . r co „ p „ ltlo „. ..^^ 

Hore pa rti= ul arl y . several „.„ „. tal caUon „. utraU!id 
W* lono.er „. ln . hav . bea „ proauoed fcy ^ 

n.utrali s i„ 9 . to varloua . JiUnt ._ fcl9h aola oopoiyMc> q# ^ aiphi _ 

o^ln and .„ .!„„., beta-unsatur.ted c a rb=„ y ,io aotd „ lth , wlde 
variety „ f different „ ataI MUon ^ Thi< ^ ^ 

sublet matter „, .... AppU c. tlon Serlal 1IO , ln „ cporaUd 
■»».. by reference. It „a. b . an £ou „ d that nuj>erout 
« o „ e „t llMi hlg „ aold lonMGr reeina ^ 

th- 1.. by vei g ht « ld , pcaferably ^ afaout i? ^ 
-,ht percent acid, an(1 MC . praf>rabiy 

th. co.ol^.r to tha M , at da6lrM (1 a ^ ^ im ^ . 

t of an alpha. b.ta-„n..tur.t.d carboxyiio 

" OPUOna11 " ' """^ ~r can b , lnoludotl 

7° ly " ,r - ~""»» «- has from 2 to „ r 

atoms end is preferably ethylene .„„ 

.„!H ■ tnylene, «„ a the unsaturated cerboxylic 

•9i- is a carbolic „ u havtng 

Samples o f such acid. ,„ olU d. aoryll „ ^ ' *° ' °" b< "' S - 

yiio aold ' methacrylic acid, 
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ethacrylic acid, chloroacrylic acid, crotonic acid, maleic acid, 
fumaric acid, and itaconic acid, with acrylic acid being preferred! 

The softening comonomer that can be optionally included 
in the invention may be elected from the group consisting of vinyl 
esters of aliphatic carboxylic acids wherein the acids have 2 to 10 
carbon atoms, vinyl ethers wherein the alkyl groups contains 1 to 
10 carbon atoms, and alkyl acrylates or methacrylates wherein the 
alkyl group contains i to io carbon atoms. Suitable softening 
comonomers include vinyl acetate, methyl acrylate, »ethyl 
methacrylate, ethyl acrylate, ethyl methacrylate, butyl acrylate, 
butyl methacrylate, or the like. 

consequently, examples of a number of copolymers suitable 
for use to produce the high acid ionomers included in the present 
invention include, but are not limited to, high acid embodiments of 
an ethylene/acrylic acid copoly» er , an ethylene/methacrylic acid 
copolymer, an ethylene/ itaconic acid copolymer, an ethylene/maleic 
acid copolymer, an ethylene/methacrylic acid/vinyl acetate 
copolymer, an ethylene/acrylic acid/vinyl alcohol copolymer, etc. 
The base copolymer broadly contains greater than 16% by weight 
unsaturated carboxylic acid, from about 30 to about 83* by weight 
ethylene and from o to about 40% by weight of a softening 
comonomer. Preferably, the copolymer contains about 20* by weight 
unsaturated carboxylic acid and about 801 by weight ethylene. Host 
preferably, the copolymer contain about ao| acrylic acld ^ ^ 
remainder being ethylene. 
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Along these lines, examples of the preferred high acid 
base copolymers which fulfill the criteria set forth above, are a 
series of ethylene-acrylic copol yi „ers which are commercially 
available from The Dow chemical Company, Midland, Michigan, under 
the ..Primacor" designation. These high acid base copolymers 
exhibit the typical propertiee set forth below in Table 1. 



TABLE 1 

Typical Properfciea of Primaoor 
Ettaylene-Aorylio Aoid Copolymers 



GRADE PERCEM 
ACID 

AtlH 

5980 Jo.o 

5990 20.0 

5990 20.0 

S9SI 20.0 

5981 20.0 

59BJ 20,o 

SWI 20.0 



glee 


HEW 

INDEX, 

8/10mln 


IENSILE 
TO. SI 
<P»J> 


fLEXURU 

H00ULU5 

<psl) 


VI CAT 
SOFT PI 
CC) 


SHORE 0 
HAROKE SS 


0-792 


0-1238 


0*63B 


0-790 


0-1525 


0-2240 


0.955 


300.0 




4800 


43 


so 


0.955 
0.955 


1300.0 
1300.0 


650 
650 


2600 
3200 


40 
40 


42 
42 


0.960 
0.960 


300.0 
300.0 


900 
900 


3200 
3200 


46 
46 


46 
48 


0.950 


500.0 


050 


3100 


44 


45 
40 


0.953 


2600.0 


635 


2600 


30 


art obtained 


iceordlns to AtlH 0- 


1230. at I90«C. 







Du. to th. hiah .oLcul.r w.ight o( the Pr lMoor 5981 
ar.de o f th. ethyl.ne-acrvllc acld oopolymBr _ thl> ^^^^^ u 
»°re preferred arade utilized in the invention. 

The metal cation salt. utllUed l n the Invention .re 
thos. salts whloh provlda tha Mtal Mtions ^^^^ o( 

neutrally, to various extents, th. c.rboxylic .old oroup. o t the 
hi 9h .old copolymer. The8e lnolude ^ ^ ^ 
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«lt. of lithium, calcium, zinc, sodium, potassium, nickel, 
magnesium, and manganese. 

Examples of such lithium ion sources are lithium 
hydroxide monohydrate, lithium hydroxide, lithium oxide and lithium 
acetate. Sources for the calcium ion include calcium hydroxide, 
calcium acetate and calcium oxide. Suitable zinc ion sources are 
zinc acetate dihydrate and zinc acetate, a blend of zinc oxide and 
acetic acid. Examples of sodium ion sources are sodium hydroxide 
and sodium acetate. sources for the potassium ion include 
Potassium hydroxide and potassium acetate. Suitable nickel ion 
sources are nickel acetate, nickel oxide and nickel hydroxide. 
Sources of magnesium include magne B ium oxide, magnesium hydroxide, 
magnesium acetate. Sources of manganese include manganese acetate 
and manganese oxide, 

The new „et.l cation neutralUed hl 9 h acid iononer resins 
sr. produced by reacting t „. hlgh ^ ^ 

a-ounts „ f the „ e t a , cation s.lts abov. tho crystalline siting 
point of th. copoiy-.r. . uch , t . t.„ par . tuc . fr0B , bout 200 . r 
to about so.- preferably fro* about 25 „. r to about 350- P „„aer 
h " h «»""«« »' • P»«ure of fro„ about .0 p.l to ,.,„. 

psl. other well known blending techniques ».y also be used. The 
a»ount of B .t.l cation ..it u tm,ed to produce the „.„ ».tal 
cation neutrally high acid based ioncer resins is the ouantlty 
Which provide, a sufficient a»ou„t of th. « t>1 „ tlon . to 
neutr.il,. th. desired percentage of the carbo.yllc acid groups in 
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the high acid copolymer. The extent of neutralization is generally 
from about io| to about 90%. 

indicated below in TaHIa n . . 

ow in lat5A e 2 and more specifically in 

Example 1 in U.S. Application Serial Ho. 901,680, a number of new 
types of metal cation neutralized high acid ionomers can be 
obtained from the above indicated process. These include new high 
acid ionomer resins neutralized to various extents with manganese, 
lithium potassium, calcium and nickel cations, m addition, when 
- high acid ethylene/acrylic acid copolymer is utilized as the base 
copolymer component of the invention and this component is 
subsequently neutralized to various extents with the metal cation 
salts producing acrylic acid baaed high acid ionomer resin 
neutralized with cations such as sodium, potassium, lithium, zi„ c , 
magnesium, manganese, calcium and nickel, several new cat! 
neutralized acrylic acid based high acid ionomer resins ar 
produced - 



is 



on 
e 
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TABLE 2 



KHbOH) 6.98 



3(H«0H) j. m 



5(KnAe) i9, 4 



67. S 



35.9 



*<K*OH> 2.9, „ 0 



0.9 .604 7| 



~ 5<0 2.4 .608 n 



12.2 .812 69 

U * 5 -M2 (brittle) 



7,7 75 .609 n 

M 3 3.5 .614 77 

810 72 



7(HnAc> W.J 53.0 7.5 

fl(Kr * cl 26.5 tnx * , 

106 0.7 .813 

9UI0H) 
10(LIOH) 
U(LIOH) 

naoH) 

13(KOH) 
U(KOU) 

IS(ZnAc) 
16(2Mc) 
UUnAc) 

Ifl(MgAc) 

l9(HgAc) 
-?0(HgAc) 

2l(C«Ac) 
22(C*Ac) 



fSQilfili: 50/50 Blend of ioteki 8000/7030 C 0 ft c airwx< .l ^ u ^ 

S3 SIS SB as ^ffiHi^SiKS-. 



{brittle) 



4.54 


71.3 


0.6 


.810 


74 


3.36 


52.5 


4.2 


.616 


72 


2.34 


35.9 


16.6 


.615 


72 


5.30 


36.0 


19.3 


Broke 


70 


6.26 


57.9 


7.16 


.604 


70 


10.7 


77.0 


4.3 


.601 


67 


17.9 


71.5 


0.2 


.606 


71 


U.9 


53.0 


0.9 


.797 


69 


9.91 


36. f 


3.4 


.793 


67 


17.4 


70.7 


2.8 


.814 


74 


20.6 


AM 


1.5 


.815 


76 


13.6 


53.6 


4.1 


.814 


74 


13.2 


69.2 


1.1 


.613 


74 


7.12 


34.9 


10.1 


.606 


70 
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TABLE 2 


(continued) 




formulation Ho 


Vt-X 

Cation 5at{ 


Ut-X 


Kelt 
index 






U(H0O) 
2<<HgO) 
25<HoO) 
26(HoO) 


2.91 
3.65 
4.76 
1.96 


53.5 
71.5 
09.3 
35.7 


2.5 
2. A 
1.1 
7.5 


.613 
.60S 
.609 
.615 




Control (or f emulations 23-26 Is 
CO.*. ..an, foriiuUtlon 26 CO.*, 


50/50 iottk 6000/ 70 J0 # 
. m» normal lied to that control 


accordingly 








TABLE 2 


(continued) 




fornulBtlon 


Ut-X 

Cation Salt 


Ut-X 

Neutralization 


Melt 

Index 


COR: 


Shore 0 
Hardnas; 


27(NIAc) 
2a(MlAc) 
29(HUc) 
30<HlAc> 


13. 0< 
10.71 
6.26 
5.66 


61.1 
46.9 
36.7 
24.4 


0.2 
0.5 
1.6 
7.5 


.802 
.799 
.796 
.766 


71 
72 
69 
U 



control for formation Ho,. 27-30 I. 50/50 lotck 8000/7030, CO.*. ..807 

When compared to low acid versions of similar cation 
neutralized ionomer resins, the new metal cation neutralized high 
apid ionomer resins exhibit enhanced hardness, modulus and 
resilience characteristics. These are properties that are 
particularly desirable in a number of thermoplastic fields, 
including the field of golf ball manufacturing. 

When utilized in the construction of the inner layer of 
a multi-layered golf ball, it has been found that the new acrylic 
acid based high acid ionomers extend the range of hardness beyond 
that previously obtainable while maintaining the beneficial 
properties (i.e. durability, click, feel, etc., of the softer low 
acid ionomer covered baU B( Buoh aa balls utiUzing ^ 
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low acid ionomers disclosed in U.S. Patent Uos. 4,884,814 and 
4.911,451. 

Moreover, as a result of the development of a number of 
new acrylic acid based high acid ionomer resins neutralized to 
various extend by several different types of metal cations, such 
as manganese, lithium, potassium, calcium and nickel cations, 
several new ionomera or ionomer blends are now available for 
production of an inner cover layer of a multi-layered golf ball. 
By using these high acid ionomer resins, harder, stiffer inner 
cover layers having higher C.o.n.s, and thus longer distance, can 
be obtained- 

More preferably, it has been found that when two or acre 
of the above-indicated high acid ionomers, particularly blends of 
-dium and zlnc high acid ionomers, are processed to produce the 
covers of multi-layered golf balls, (I.e., the inner cover layer 
herein, the resulting golf balls will travel further than 
previously Known multi-layered golf balls produced with low acid 
Ionomer resin covers due to the balls' enhanced coefficient of 
restitution values. 

For example, the multi-layer golf ball taught in 
4,6 5 0, l93 does not incorporate a high acid ionomeric resin in the 
inner cover layer. As will be set forth below in the Examples the 
coefficient of restitution of the golf ball having a „ Wr ^ 
taught by the '193 patent (i. e , f lnner lay , r composltlon „ nl| ln ^ 
Espies, is substantially lo wer than the coefficient of 
restitution of the remaining compositions. ln additlon , th . 
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layered ball disclosed In the '193 patent suffers substantially In 
durability in comparison with the present invention. 

With respect to the outer layer 16 of the multi-layered 
cover of the present invention, the outer cover layer is 
comparatively softer than the high acid ionomer based inner layer. 
The softness provides for the feel and playability characteristics 
typically associated with balata or balata-blend balls. The outer 
layer or ply is comprised of a relatively soft, low modulus (about 
1,000 psi to about 10,000 psi) and low acid (less than 16 weight 
percent acid) ionomer, ionomer blend or a non-ionomeric 
thermoplastic elastomer such as, but not limited to, a 
polyurethane, a polyester elastomer such as that marketed by DuPont 
under the trademark Hytrel», or a polyester amide such as that 
marketed by Elf Atochem S.A. under the trademark Pebax*. The outer 
layer is fairly thin (i.e. from about 0.010 to about 0.050 in 
thickness, more desirably 0.03 inches in thickness for a 1.680 inch 
ball), but thick enough to achieve desired playability 
characteristics while minimizing expense. 

Preferably, the outer layer includes a blend of hard and 
soft (low acid) ionomer resins such as those described in U. s. 
Patent Hos. 4,884,814 and 5,120,791, both incorporated herein by 
reference. Specifically, a desirable material for use in molding 
the outer layer comprises a blend of a high modulus (hard) ionomer 
with a low modulus (soft) ionomer to form a base ionomer mixture. 
A high modulus ionomer herein is one which measures from about 
15,000 to about 70,000 psi as measured in accordance with ASTH 
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-th- 0-7... Th. h.rdn... may b . „ at w so ^ 

Shore D seal. aa ...sur.d in .ccrd.no. with ASTH a.thod D .„ 40 . 

A low acdulus lono-er sult.bl. for us. t„ th. out.r l.y.r 
Mend he. . flexur.1 „od„l„. „.„.„,,„, from . bout l ooo tQ 
»,ooo psi. uith . hatd „. ea Qf about jo tQ about ^ on E ^ 



Bcale. 



Th. h.rd ionoer resins utllU.d to produo. th. out.r 
cov.r l.y.r c.„po.ition h.rd/.oft b!.nd. includ. ionic oopoly».r. 
which „. th. .odiu„, zinc, .agna.iu. or llthlm ^ ^ ^ 
r.action product or .„ olefin navln , f „„ , ^ § ^ ^ ^ 
• n une.tur.ted .onocerboxyllc .eld bavin, fro. 3 t„ « carbon .tcs. 
Th. carbolic .cid group, of th. copoly,. r B .y b. tot.lly or 
parti.ny (1... apprcinat.iy 15 -, 5 percent) n.utr.li,.d. 

Th. h.rd ioncrio r..in. .r. ii k . ly c„ pol y*..„ of 
"hylene and eltl ,„ aoryllo ..^^^ ^ ^ 

co P o,y„. r . ot ethyl.„. .„„ >cryUo >cid bBjng ^ 

Two or „or. type. ot hara lono „ ri< , ^ ^ ^ ^ ^ 

out.r cover l.yer ccpositlons ,„ order to produce th. d.sired 
properties of the resulting golf balls. 

*. discussed earlier herein, the hard loncerlo resins 
ntroduced und.r the d.al gnat io n E accr. and son t „. 
as g „atlo .. Iot e,. aC8 Bomew „. t BlKair ^ hara 

e,i„. sold under th. Surlyn. traded. Il0 „e V .r. . inc . the 
««-■ Generic resins are eodiu. . sl „ 0 salu „ f ^ 

Po.y.ethyiene-^ethacrylic acid, sc. distinct d.ff.r.„c„ i„ 
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Properties exist. As more specifically indicated in the data set 
forth below, the hard .-lotek" resins (i.e., the acrylic acld ^ 
hard ionomer resins, are the more preferred hard resins for use in 
formulating the cuter layer blends for use in the present 
invention, in addition, various blends of "lote^ and Surlyn. hard 
ionomeric resins, as well as other available ionomeric resins, may 
be utilized in the present invention in a similar manner. 

Examples of commercially available hard ionomeric resins 
which may be used in the present invention in formulating the outer 
cover blends include the hard sodium ionic copolymer sold under the 
trademark Surlyn*B9 40 and the hard zinc ionic copolymer sold under 
the trademark Surlyn»9910. Surlyn.8940 is a copolymer of ethylene 
with methacrylic acid and about 15 weight percent acid which is 
about 29 Perce „ t neutralised with sodium ions. This resin has an 
average melt flow index of about 2.e. Surlyn.9910 is a copolymer 
of ethylene and methacrylic acid with about „ weight percent acid 
which is about 58 percent neutralized with zinc ions. The average 
-It flow index of Suri yn . 9910 1b about 0 . 7 . The 
properties of S urly„, 9910 and B94 0 are set forth below in Table 3: 
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TABLB 3 

Typical PropfirMps o f commflrn ialiv av^i^ -- H rri 
gMr l vn* Rgnlnp suitable for u aa i» f hft 0uter ., auo> . pl , niTf rf 

the Present lnv e nHp n 





AS1H P 


tm 


mi 


Cltlon |yp« 




Sodltn 


Zlne 


Kelt flow Index, 
l*m/IO nln. 


0*1238 


2.1 


0.7 


Specific Gravity, 


p*m 


0.9S 


0.97 


ItrtiHcia, Short P 


0-22(0 


U 


44 


Icnsllt Strength, 
(kpil), HP* 


0-638 


M.8) 
33.1 


(1.4) 
24.8 


tlonpatlon, X 


0-638 


470 


290 


riixural Modulus, 
(kpil) KP t 


0-790 


(31) 
350 


«8) 
330 


tcnilli lirpact (23'C) 
KJ/m, (II. -It*. /In 1 ) 


0-IB22S 


1020 
«85) 


1020 
«BS) 


Vlcit | etrpcrotur*, *C 


P-1525 


63 


62 



mi 




9970 


973Q 


Sodiui 


todlu* 


Zinc 


Zlne 


0.9 


1.3 


K.O 


1.6 


0.9S 


0.94 


0.95 


0.95 


U 


60 


62 


63 


(S.4) 
37.2 


«.2) 
29.0 


(3.2) 
22.0 


«.l) 
28.0 


SSO 


(50 


460 


460 


(55) 
3B0 


(32) 
220 


(28) 
190 


(30) 
210 


645 
((SO) 


1160 
(5S0) 


760 
(360) 


12(0 
(S90) 


30 


73 


61 


73 



Examples of the more pertinent acrylio acid based hard 
ionomer resin suitable for use in the present outer cover 
composition sold under the "lotek" tradename by the Exxon 
Corporation include lotek 4000, lotek 4010, lotek 8000, lotek 8020 
and lotek 8030. The typical properties of these and other lotek 
hard ionomers suited for use i„ formulating the outer layer cover 
composition are set forth below in Table 4: 



ftisln 

Cation type 

Kelt Index 

0 entity 

Melting Point 

CnriUUlxition Point 

Vlcat Softening Point 

X Weight Acrylic Acid 

X of Acid Groups 
cation neutralized 

Plaque 

Propcrtln 
(3 am thick, 
ccnpre«lon molded) 

1cm lie at break 

Tltld point 

Elongation at break 

IX Secant modulus 

Shore Bardie n D 



f Hm Properties 

(50 micron film 2.2x1 



Tensile at Break KD 
10 

field point K> 
ID 

Elongation at Break 
KD 
ID 

U Secant modulus KD 
10 

Dart Drop Jirpact 



-28- 
TABLE 4 

Typical ProperHnn n f iot^ t^ ^ 7 



ASIH 

MS* hod Unlt t 



0-1238 g/ 10 uln. 

0-1505 kg/m J 

0-3417 "C 

0-3417 «C 

0-1525 *C 



ASIH 

HcthotJ Unite , 



0-636 HPa 

0-638 KPa 

0-638 X 

0-636 KP a 
0-2240 



0-682 
0662 

0-062 
0-662 



0-662 
0-662 

0-662 
0-662 



KPa 
KPa 



alnc 



1010 
sine 



£222 £222 6030 
sodium aodlun aodlui 



2.5 


1.5 


0.8 


1,6 


2.6 


963 


963 


954 


960 


960 


90 


90 


90 


67.5 


67.5 


62 


64 


56 


53 


55 


62 


63 


61 


64 


67 


16 




11 






30 




40 






4000 


£212 


6000 




£212 


24 


26 


36 


31.5 


26 


none 


none 


21 


21 


23 


395 


420 


350 


410 


395 


160 


160 


300 


350 


390 


55 


55 


61 


56 


59 



*S22 £010 fiOOO ^ gojg 



41 
37 



39 
36 



42 
36 



52 
36 



<7.4 
<0.5 



HPa 
KPa 


15 
14 


17 
IS 


17 
15 


23 
21 


21.6 
20.7 




X 
X 


310 
360 


270 
340 


260 
260 


295 
340 


305 
345 




HPa 
KPa 


210 
200 


215 
225 


390 
360 


360 
350 


360 
345 


V 


8/mlcron 


12.4 


12.5 


20.3 

















AUK 
















im 


7010 






tine 


lino 


tine 


P-I2U 


0/10 «|n. 




1 .5 


2.S 


0-1503 






no 


960 




*C 






90 




•c 


• * 






0 1525 


•c 


60 


Al 

— 


42. S 


AilH 










Htlhtxf 






702Q 


im 


P-656 


MPt 


sa 


35 


3A 


fc£34 


HPi 






o-*s& 




none 


ncn* 


non« 


X 


500 


420 


39S 


D*3fl 




• * 




0-22<6 




SI 








55 


5$ 



ftesln 

C»Uoa type 
Hell Irdu 

Btrt*|ly 

Htlllng Point 

t'r*t*MJ<atlon 

P olni 

VUti loUtnlng 
Point 

Bright Acr r (U Acid 

* of Acid arc*** 
Cttloa fteuuiMtfrd 

PUquc 

(J /m (Mcl, 
copmilcn raided) 

timlU Al briilc 
H*ld Point 
Ilcn 8 *tiQn ii brtifc 
tX f.c.nt nodului 
Shore Htrdiisi 0 



Co.p.„tlv. llr , „ tt lonomiirs uaM ^ tmm 
>.«,~t W e„<. o t t„e c ut „ 0<>v . c CMpo . ltlon . Th . s . ionMtri 
.-.I-. .„« b « ed Boft lollo . e „. Thay w 

«....t«1..4 co. prlsl „, . 0 „ llm or !jno >a]ts of s 
« havin, fM „ bout , to . a „ rbon >tona _ ocryUa 

» ™»t«,« .on=.. c „ th . „ oryl . t . .„ ter iiivins t 

21 carbon atoms, Tha Baft 

soft ion oner , B preferably fl 2ljja faa6ed 

ionoaer »ade fron an acrylio aoid ba B a polvmar in 

pojymar in an unsaturated 
■om».r of tha aorylate eater olaaa. Tna soft 

u ft f low modulus) 

ioncers have a hardness fro, about 20 to Bboufc ' 

ouc 40 as measured on 
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the Shore D scale and a flexural modulus from about 1,000 to about 
10,000, as measured In accordance with ASTH method D-790. 

Certain ethylene-acrylic acid based soft ionomer resins 
developed by the Exxon Corporation under the designation "lotek 
7520- (referred to experimentally by differences in neutralization 
and melt indexes as LDX 195, LDX 196, LDX 218 and LDX 219) may be 
combined with known hard ionomers such as those indicated above to 
produce the outer cover. The combination produces higher C.O.R.s 
at equal or softer hardness, higher melt flow (which corresponds to 
improved, more efficient molding, i.e., fewer rejects) as well as 
significant cost savings versus the outer layer of multi-layer 
balls produced by other known hard-soft ioncmer blends as a result 
of the lower overall raw materials costs and improved yields. 

While the exact chemical composition of the resins to be 
sold by Exxon under the designation lotek 7520 is considered by 
Exxon to be confidential and proprietary information, Exxon's 
experimental product data sheet lists the following physical 
properties of the ethylene acrylic acid zinc ionomer developed by 
Exxon: 



TABLE 5 



Physical Properties nf i 0 fc plf ? p , ft 

Pr ° PertY ftgTH Hethnj Unite Typical vi, ,. 

Helt Index d-1238 g /i 0 Bln . 2 

° ensity D -1505 kg/a' 0 .962 



Cation 



Zinc 



Melting Point 


D-3417 


°C 


D O 


Crystallization 
Point 


D-3417 


•c 


49 


Vicat Softening 
Point 


D-1525 


• c 


42 


Plaaue Prn Per fcies 


(2 mm think rnmn^^i — 




Tensile at Break 


D-638 


r-^ > w * 

MPa 


Molded PI 
10 


Yield Point 


D-63B 


MPa 


Hone 


Elongation at Break D-638 


% 


760 


1* Secant Modulus 


D-63B 


MPa 


22 


Shore D Hardness 


D-2240 




32 


Flexural Modulus 


D-790 


MPa 


26 


Zwick Rebond 


ISO 4862 


% 


52 


De Mattia Flex 
Resistance 


D-430 


Cycles 


>5000 



In addition, test date collected by the Inventor 
l-.dic.tes that ,ote k 7520 resins have Shore » hardnesses aocut 
32 to 36 ( p.r ASTH D-„,o, , »elt «o„ ibexes o f 3,0.5 , /10 nin (at 
lt.-c. per »STM D-l 288) , , Qf ^ ^ ^ 

psi (per ASTH 0-,..,. p„rther„=re, testln, by „ itdvmMM 
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testin, laboratory by pyr.ly.i. .... .p. otromi!trv lnillo . t .. ^ 

Ltrt 7„o resins are generally ,i„c .. lt . of . t . rpolvmer of 
ethylene, acrylic sold, and methyl aoryl.te. 

Further.or.,- the inventor ha. found that a „. Wy 
developed grade of an acrylic .eld baoed soft lo„o„.r av.il abl . 
fro. the E xx=„ Corporation under the designation lot* 7..0 1. 
aleo effective, when combined with the herd io„o..r. Seated 
•hove in producin, ball eovera . xhlbltln9 „„„„ c „ R ^ 
■t ecu.l or softer hardness than thoes produced by known hard-.oft 
l=no„.r blends. In this regard. lotex 7.1. has the advantages 
U.e. l„ pr0 ved flow, higher C.O.R. value, at ecu., hardness, 
increased clarity, etc., produced by the .otek , 52 „ r.sln when 
coppered to the meth.cryUc acid base .oft l„„o.. r . known ln tne 
«t (such as the Surlyn 8625 ,„„ the 8urlyn 862s 
disclosed ln U.S. Patent Ho. 4,H4,il4). 

in addition, ,otek , 51 o. when „„.p. red to loUk 
Produces slightly higher C.O.R. valve, at egual .of tn...,h.rd„.s. 
due to the tote* 75l „.. hl9her „„„ nd 

Simnarly. Io t.k , 6 ,o produce, better r.L.s. properties (from the 
-old cavities, due to it. slightly higher stiffness and lower flow 
rate than Iot .k , 520 . This ^ ^ ^ 

soft covered balls tend to have icwer yields caused by sticking in 
the molds and sub.eouent punched pin .. rk s from the knockouts 

oo.po.ltl AO °° rdln9 t0 ^ IOt * ' 51 ° U 
composition as lotek 7520 M e « 

... U,e - * Zlnc salt °* * terpoloy^er of 

ethylene, acrylic acid, and methyl acrylate. but i 

r* aoryiate) but is more highly 



neutralized. Based upon FTIR analysis, Iotek 7520 is estimated to 
be about 30-40 wt.-l neutralized and Iotek 7510 is estimated to be 
about 40-60 wt.-% neutralized. The typical properties of Iotek 
7510 in comparison of those of Iotek 7520 are set forth below: 



TABLE 6 



EhYSica l_EXSE§Ciija_fi £_Iftfc§fc _7 US. 
In ComoarlR^n fro Iotek T^ft 

IOTEK 7S?0 IOTEK 75 in 



HI, g/io min 


2.0 


0.8 


Density, g/cc 


0.96 


0.97 


Melting Point, °F 


151 


149 


Vicat Softening Point, °F 


loa 


109 


Flex Modulus, psi 


3800 


5300 


Tensile Strength, psi 


1450 


1750 


Elongation, % 


760 


690 


Hardness, Shore D 


32 


35 



It has been determined that when hard/soft ionomer blends 
are used for the outer cover layer, good results are achieved when 
the relative combination is in a range of about 90 to about 10 
percent hard ionomer and about 10 to about 90 percent soft ionomer. 
The results are improved by adjusting the range to about 75 to 25 
percent hard iononer and 25 to 75 percent soft ionomer. Even 
better results are noted at relative ranges of about 60 to 90 
percent hard ionomer resin and about 40 to 60 percent soft ionomer 



resin. 
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Specific formulations which may be used in the cover 
composition are included in the examples set forth in U. S. Patent 
No. 5,120,791 and 4,884,814. The present invention is in no way 
limited to those examples. 

Horeover, in alternative embodiments, the outer cover 
layer formulation may also comprise a soft, low modulus non- 
ionomeric thermoplastic elastomer including a polyester 
polyurethane such as B.F.Goodrich Company's Estane. polyester 
polyurethane X-4517. According to B.F.Goodrich, Estane. X-4517 has 
the following properties: 



Prppertles of B^tinf" v ~m? 



Tensile 
100% 
200% 
300% 

Elongation 
Youngs Modulus 



1430 
B15 
1024 
1193 
641 

Hardness A/D fl "?o 
Dayshore Rebound ' 



59 



solubility in Water Insa , uhlll 

Melt processing temperature JUSS llm-^ 

Specific Gravity (1^0=1) 11-13 



other soft, relatively low modulus non-ionomeric 
thermoplastic elastomers may also be utilised to produce the outer 
cover layer as long as the non-ionomeric thermo P l astic elastomers 
produce the payability and durability characteristics desired 
without adversely effecting the enhanced travel distance 
characteristic produced by the high acid ionomer resin composition 
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These include, but are not limited to thermoplastic polyurethanes 
such as: Texin thermoplastic polyurethanes from Mobay Chemical Co. 
and the Pellethane thermoplastic polyurethanes from Dow Chemical 
Co.; Ionomer/rubber blends such as those in Spalding U.S. Patents 
4,986,545; 5,098,105 and 5,187,013; and, Hytrel polyester 
elastomers from DuPont and pebax polyesteramides from Elf Atochem 



S.A. 



In preparing golf balls in accordance with the present 
invention, a hard inner cover layer is molded (by injection molding 
or by compression molding) about a core (preferably a solid core) . 
A comparatively softer outer layer 1. molded over the inner layer. 

The conventional solid core is about 1.545 inches in 
diameter, although it can range from about 1.495 to about 1.575 
inches, conventional solid cores are typically compression molded 
from a slug of unoured or lightly cured elastomer composition 
comprising a high cis content polybutadiene and a metal salt of an 
ethylenically unsaturated carboxylic acid such as zinc mono 
or diacrylate or methacrylate. To achieve higher coefficients of 
restitution in the core, the manufacturer may include fillers such 
as small amounts of a metal oxide such as zinc oxide, m addition, 
larger amounts of metal oxide than those that are needed to achieve 
the desired coefficient are often included in conventional cores in 
order to increase the core weight so that the finished ball more 
closely approaches the U.S.G.A. Uppar weight limit of i. 620 ounces 
other materials may be used in the core conpositlon lnoludlng 
compatible rubbers or lonomers, and low molecular wel ght £atty 
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acids such as stearic acid. Free radical initiators such as 
peroxides are admixed with the core composition so that on the 
application of heat and pressure, a complex curing cross-linking 
reaction takes place. . 

The inner cover layer which is molded over the core is 
about o.ioo inches to about o.oio inches in thickness, preferably 
about 0.0375 inches thick. The outer cover layer is about 0.010 
inches to about o.oso inches in thickness, preferably 0.0300 inches 
thick. Together, the core, the inner cover layer and the outer 
cover layer combine to form a ball having a diameter of 1.680 
inches or more, the minimum diameter permitted by the rules of the 
United states Golf Association and weighing about 1.620 ounces. 

Additional materials may be added to the cover 
compositions (both inner and outer cover layer, of the present 
invention including dyes (for example, Ultramarine Blue sold by 
Hhitaker, Clark and Daniels of South Plainsfield, „.*., (see U s 
P.tent Ho. 4,679,795,, pi gme nts such as titanium dioxide, zinc 
oxide, barium sulfate and z i„o sulfate; and uv absorbers; 
antioxidants; antistatic agents; and stabilizers. Further, the 
cover compositions of the present invention may also contain 
softening agents, such as plasticizers, processing aids, etc. and 
reinforcing material such as glass fibers and inorganic fillers, as 
long as the desired properties produced by the golf ball covers are 
not impaired. 

The various cover ==„p.. ltlon layere „ f ^ 
invention „av b e P r*« , ocordlng t „ conventlonal ^ 
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h.ra .„a „„, lo „ .„„ lono „, r rsslns ^ utai2edj ^ ^ 
iono.er r.slns .„ bUnded the eoft lonoiierjo rssinB ^ ^ 

. -ast.rbatch co„t.i„l„ g th . d „ lred Mttlnm ,„ , ^ 
two-roll .,„, or „ trud . r pclor to ^^^^ b ^ 

c» P osi tlo „ is then t „r„.d lnto sUbs m „ intal „ ed Jn sueh s 

sft. until „oldi„ g ae.ired. , lUcn . tlvely _ . ^ ^ ^ 
°< the panacea or ar.nul.t.d re.ln. .„ d oolor „. st . rbate „ 
prepared and red directly into tha lnjBoUo „ ^ 
hcooanl^tlon occur. i„ th. mixl „ g eeoUon of ^ ^ ^ 

injection into th. »old. „ „.„..„,, ^ ^ 

•n inoroanio m.er. etc.. „ y be addsd „ nd ^ ^ 

initiation o, th. aol d in g proc „ B . A ^ 

to foraulat. th. „i,h acia io„o».r realn co.po.ltlon, usea to 
produce the inner cover layer. 

Th. 9 o,r bane of th. present i„ v .„tio„ can be produced 
»y .oldlng process., currently w.l, kno v,„ in th. 9 olf b .„ „ rt 
sp.ci«cauy. th. col f ball, can b . p „a U c.d by injectto „ 
or expression .oldin, th. inner cover layer about „„ un a or .„l,a 
-la.a core, to produce an internet. ,o„ b.n h .vi„ g . dl „ et . c 
•« about to l.„ lnch .s. preferably >bout ii§jo inchea ^ 

out.r layer is sub.aau.ntly B old.d over the inner laye r to produce 
• -« hali havi„ 9 , dla „ eter of ..„. ^ ^ ^ 

' °< »«r cost .„d superior 

per f or„a„c. eolia „ola.a oor.. ar. pr.r.rre. over wound cor.s. 
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In compression molding, the inner cover composition is 
formed via injection at about 380-F to about 450'F into smooth 
surfaced hemispherical shells which are then positioned around the 
core in a mold having the desired inner cover thickness and 
subjected to compression molding at 200- to 300-F for about 2 to 10 
minutes, followed by cooling at 50- to 70 °F for about 2 to 7 
minutes to fuse the shells together to for* a unitary intermediate 
ball. In Edition, the intermediate balls may be produced by 
injection molding wherein the inner cover layer is injected 
directly around the core placed at the center of an intermediate 
bail mold for a period of time in a mold temperature of from 50-F 
to about a00 .F. Subsequently, the outer cover layer is molded 
about the core and the i nner layer by similar compression or 
injection molding techniques to form a dimpled golf ball of a 
diameter of 1.680 inches or more. 

After molding, the golf balls produced may undergo 
various further processing steps such as buffing, painting and 
marking as disclosed in U.S. Patent Ho. 4,911,451. 

The resulting golf ball produced from the high acid 
ionomer resin inner layer and the relatively softer, low fl exural 
modulus outer layer provide for an improved multi-layer golf ball 
which provides for desirable coefficient of restitution and 
durabiUty properties while at the same time offering the feel and 
spin characteristics associated with soft balata and balata-like 
covers of the prior art. 
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The present invention is further illustrated by the 
following examples in which the parts of the specific ingredients 
are by weight, it is to be understood that the present invention 
is not United to . the examples, and various changes and 
modifications may be made in the invention without departing from 
the spirit and scope thereof. 

Exa mples 

Several intermediate balls (cores plus inner cover 
layers) were prepared in accordance with conventional molding 
procedures described above. The inner cover compositions were 
molded around 1.545 inch diameter cores weighing 36.5 grams such 
that the inner cover had a wall thickness of about 0.0675 inches, 
with the overall ball measuring about 1.680 inches in diameter. ' 

The cores utilized in the examples were comprised of the 
following ingredients: high cie-polybutadiene, zinc diacrylate, 
*inc oxide, zinc stearate, peroxide, calcium carbonate, etc. The 
molded cores exhibited Riehle compressions of about 60 and C.O.R. 
values of about .800. A representative formulation of the molded 
cores is set forth below: 



B»-1220 Chl 8 h cla-potybuudlene) 

70.70 

TikUne 220 (high eli-polyfeuudlene) 
Read Rite 20A (zinc dlacrvUte) 

31. K 

line Oxide 
Zinc Steartte 
Limestone 

Grotnd Flash "* 58 

20.15 
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(20-(0 Htih) 

Blue Httlirbttch 0(2 

Liperco 23 1 XL 

or Irlgonex 29/«0 8? 

.V / «« K 'e; , ^UuTo^;u!. , " knOWA 'or .nt.rn.l .d.n.U on purpo... ... „. 



The inner cover compositions designated herein as 
compositions A-E utilized to formulate the intermediate balls are 
set forth in Table 7 below. The resulting molded intermediate 
balls „ e re tested to determine the individual compression (Riehle) , 
C.O.R., Shore C hardness, spin rate and cut resistance properties. 
These results are also set forth in Table 7 below. 

The data of these examples are the average of twelve 
Intermediate balls produced for each example. The properties were 
measured according to the following parameters: 

firinS° e i- £ K ficlent ,?f " Btit "ti°n (C.o.R.) was measured by 
firing the resulting golf ball in an air canon at a 
velocity of 125 feet per second against a steel elate 
positioned 12 feet from the muzzle of thl canon * ?£e 
llsTviTJ* 0 ^™? then » eas «™d. The rebound veiocl 

s riistsfl.." 1 ' £orward veiocity to * ive a 

2240. Sh ° re hardness was ^asured in accordance with ASTM test 

foil™?* reslBta , nce was measured in accordance with the 
following procedure: A golf ball is fired at 135 feet 
per second against the leading edge of a pitchina wfdo* 
wherein the leading edge radius & 1/3* FS? 1 g. W ?S! 
angle is 51 degrees, the sole radius is 2.5 inches 
the bounce angle is 7 degrees. mcnes and 

evaluSed^ ."A^lVS? x^f ^USSTl ^ ™ 
a cut that extends complexly ^hro^the" c^veTtT^e 
core. A 2 represents a cut thai does not extend 
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completely through the cover but that does break the 
surface. A 3 does not break the surface of tne cover SJ 
does leave a permanent dent. A 4 leaves only a slight 
crease which is permanent but not as severe L 3 ? 5 
any""? VlrtUally no vifiible indentation or damage of 

strikT™ i-lf 1 ". ° f thS 9 ° lf bal1 was measured by 

striking the resulting golf balls with a pitching wedae 
or 9 iron wherein the club head speed is about 105 feet 
per second and the ball 1 B launched at an angle of 26 to 
34 degrees with an Initial velocity of about noto lit 
feet per second. The spin rate was measured fc,y observing 

struc^t'V h^mer^ed ^ i?, 1 ?^ 0 ' "r J*?" 
accordance with a tesf as p/escriLed^'tfe^U.^rA 1 : 

As will be noted, compositions A, B and C include high 
acid ionomeric resins, with composition B further including zinc 
stearate. Composition 0 represents the inner layer (i.e. Surlyn 
1605) used in U.S. Patent Ho. 4,43 l( i 93 . Composition E provides a 
hard, low acid ionomeric resin. 

The purpose behind producing and testing the balls of 
Table IV was to provide a subsequent comparison in properties with 
the multi-layer golf balls of the present invention. 



Molded Tnfrar^^ a Qoif p p p, 

Ingredients of 

I nner cover compos i t-inna h § c 

Iotek 959 50 

Iotek 960 50 
Zinc Stearate 
Surlyn 8162 

Surlyn 8422 7H 

Surlyn 1605 25 



50 
50 
50 



100 
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lotek 7030 

Iotek B000 ZZ — — 50 

50 

Properties of Molded 
Compression = » 

CO.R. " SB 60 g3 g2 

Shore c Hardness 9B *"? - fl07 .793 .801 

Spin Rate (R.p.h.) 7,367 fi ,«n - 97 96 " 

Cut Resistance 'J" 6 '"° 7,903 8.337 7,956 

*~ 5 4-5 4 - 5 4-5 

A= shown „ Tabu , above _ jono ^ ^ 

Wr oov.r ,. y „ ,„ old . a ^ ^ ^ 

th_ th. .ow „ W lo „o». r resln lnnac oov . r ^ 

D and E. 

inv.ntUn Mr . th .„ sp „ 1(lcauy _ innBc 

C " P "'"™" to «o 1( (ron Isbl . , 

were molded over the solid cores to * mi u 

cores to a thickness of about 0.0375 

inches, thus forming the inner layer -th- . 

layer. The diameter of the solid 

-lu th. lnner layer about t inches 

»._».«».„. th. lnt . t „, alate , ou bule Qf Tabla 7 Bsre 

own usl . oenterUaa MohiM _ a ^ of ^ 

In dU».t. r te produ „ , n lnn , t ooyar ia ^ t ^ o oj75 ^ 

The .... o t ,.„. lnches „„ „ etarBlna<i . 
to Bold the out.r cover » . f"n 9 

»••»•. an- x. (4 .., of lot . riMaUU piua inn>r ' 

U.s. It was deter „ lned lhat i utm ms ^ ^ 
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The goal herein was to use as thin an outer layer as necessary to 
achieve the desired payability characteristics while minimizing 
the cost of the more expensive outer materials. However, with a 
larger diameter final golf ball and/or if the cover is compression 
molded, a thinner cover becomes feasible. 

With the above in mind, an outer cover layer composition 
was blended together in accordance with conventional blending 
techniques. The outer layer composition used for this portion of 
the example is a relatively soft cover composition such as those 
listed in U.S. Patent Ho. 5,120,791. An example of such a soft 
cover composition is a 45% soft/55% hard low acid ionomer blend 
designated by the inventor as "TE-90". The composition of TE-90 is 
set forth as follows: 



Outer Coyer i,i Y «r r. onpoa ^ ie> n TE _ 90 

Iotek B000 22.7 weight % 

Iotek 7030 22.7 weight % 

Iotek 7520 45.0 weight % 

White MB 1 9.6 weight % 

T^^^s^^L&r^i p s erc t ent tio ' ; °- 22 weight 

percent Ultramarine biu°e ^.^^^SSSl f^?^*' 

The above outer layer composition was molded around each 
of the 1.620 diameter intermediate balls comprising a core plus one 
of compositions A-D, respectively. m addition, for comparison 
purposes, Surlyn* 1855 (new Surlyn. 9020), the cover composition of 
the < 19 3 patent, was molded about the inner layer of composition D 



The 
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(the intermediate ball representative of tha < 193 patent), 
outer layer TE-90 was molded to a thickness of approximately 0.030 
inches to produce a golf ball of approximately 1.680 inches in 
dimeter. The resulting balls (a dozen bal ls for each exaBple) 
were tested and the various properties thereof are set forth in 
Table 8 as follows; 



inai£4i£nti; 

Inner Cover Cooposftlon 
Ouier Cover Cooposition 

Properties of 

Holdfrd flnic^ fM t T . 

C expression 
CO.*. 

Short C flaroViess 
Spin (fl.P.H.) 
Cut Resistance 





Tabla 


a 








Finished 


Balls 








.2. 


J. 


4 


5 


A 


1 


c 


0 


D 


IE-90 


IE-90 


TE-90 


TE-90 


Surlynt 9020 


63 


63 


69 


70 


61 


.764 


.77a 


.760 


.770 


.757 


66 


68 


66 


66 


69 


6, 625 


a,es< 


6.614 


6,990 


8,646 


3-4 


3-4 


3-4 


3-4 


1-2 



»• it win „. notea ln tMmtat bana 14 by ^ ^ 

"""'"" ,!t " Ver " tl,lll »" ■=« iono„er r.si„ s ln the 

Inner cover l.v.r .„a the hard/aoft low acla lono „ er reBi „ ln ^ 
outer „ver layer, hlon.r co„ P r...lo„ .„„ lncr „ Bed . pln ^ ^ 
note* over the al ng le loyer covere „. ^ , ^ ^ 
the ...... ana the Bh o Ce e harane „ , ra caduMd oy<r rMpsotive 

tr u . with re.oeot to the „„ m - laver . d ballB contalnlng 
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acid ioncner resin in the inner layer (i.e. finished balls !- 5) . 
in addition, with the exception of prior art ball 5 (i . e , tne , „, 
Patent,, resistance to cutting renins good but is slightly 
decreased. As note above, the prior art ball of the <193 patent 
suffers substantially i n durability (as well as in resiliency, ln 
co mparlson to the baHs Qf fche present lnvenUon 

Furthermore, it is also noted that the use of the high 
-id ionon.er resins as the Wr cover ^ 

substantial increase in the finished balls overall distance 
Properties. In thls regard> ^ ^ ^ ^ ^ 

covers of balls 1-3 produce an increase of approximately 10 points 
in C.O.R. ever the low acid ionomer realn lnner covera q£ ^ 4 
and about a 25 point increase over the prior art balls 5. Slnce an 
increase in 3 to 6 points in C . 0 . R . resulfcs in ^ 

or ..bout » yard in distance, such an improvement is deemed to be 
significant. 

Severel other outer l. yer formation* „„, an(J 
tested bv »„ Idi „ 9 the „ „„„„„ tha innec mw ^ 

ccbin.tion to ,or„ b.u. each having a dia.et.r of about l ^ 

'" Chei - »■'•«-'«<* X-4.,7 pointer ooivureth.ne 

«. .oiled .bout the core .olded with Inner layer cover .ovulation 
A. DuPont Suriv„. 902 o „a, M ld.d about the cor. which „. , lrMd _ 
-ded with inner D . Itall „ properUae ^ ^ 

on tnese 9 o» ta „. and tna results ^ ^ ^ ^ ^ 

below; 
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Flniah Balls 

Ingredients t , 7 
Inner Cover layer 

Conpoeltlon a p 
Outer Cover lever 

Ccnpoiltlon Eittne* 4517 Surlyn* 9020 

Propertiei of 

Molded HnUhed B.jl,. 

Compression 0 7 61 

c -°- B - .77* .757 

there C Hirdntsi 74 B9 

Spin (S.P.H.J io,o«1 8.B46 



Cut leslitenc* j.< 



1-2 



The ball comprising inner layer formulation D and Surlyn* 
9020 identifies the ball in the llesbitt 4,431,193 patent. As is 
noted, the example provides for relatively high softness and spin 
rate though it suffers from poor cut resistance and low C.o.R. 
This ball is unacceptable by today's standards. 

As for the Estane* X-4517 polyester polyurethane, a 
significant increase in spin rate over the TE-90 cover is noted 
along with an increased compression. However, the C.O.R. an d Shore 
C values are reduced, while the cut resistance remains the same. 
Furthermore, both the Estane. X-4517 polyester polyurethane and the 
surlyn* 9020 were relatively difficult to mold in such thin 
sections. 

The invention has been described with reference to the 
preferred embodiment. Modifications and alterations 

will occur to others upon reading and understanding the proceeding 
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detailed description. It is intended that the invention be 
construed as including all such modifications and alterations 
insofar as they come within the scope of the appended claims or the 
equivalents thereof. 

The qualifioationa "about" and "substantially, 
include the precise values, and preoiae values include 
values about or substantially the same as the precise values. 

The present disclosure includes 
the foregoing description, and the appended claims, drawings, 
and abstract. 



CLAIMS 
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1. A golf ball comprising: 
a core; 

an inner cover layer molded on said core, the inner 
cover layer comprising a hlgh aold lnciuding ^ ^ ^ 

bY weight of an alpha, beta-unsaturated carboxylic acid; and 

an outer cover layer molded on B aid inner cover 
layer, said outer cover layer comprising a relatively Boft 
Polymeric material selected from the group consisting of low 
nexural modulus ionomer resins and non-ionomeric thermoplastic 
elastomers. 

2- A goU bail according to =1.1. t wherein t „. w 
cove. laver co.prioe. . hl9h aoJd lonomec reain ^ ^ 

unsaturated carboxylic acid. 

3- A go!, ball a cco rtlng to cl.l„ i Mherel „ ^ lnner 
cov„ ccpri... . hl , h „ w ^ ^ 

copol^r o f about ..... to about ,l. 5% by „^ t „ „ 

beta-unsaturated carboxylic acid. 

4. A golf ball according to claim 1, „ here i n the w 

cover layer has a thickness of about o 100 to m u . 

°- 100 to abo "t 0.010 inches 

and the outer cover laver ha« . mi^ 

ayer has a thickness of about o.oio to about 
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0.05 inches, the golf ball having an overall diameter of 1.680 
inches or more. 

5. A golf ball according to claim 1 wherein the inner 
cover layer ha B a thickness of about 0.300 inches and the outer 
cover layer has a thickness of about 0.375 inches, the golf ball 
having an overall diameter of 1.680 inches or more. 

6. A golf ball according to claim 1 wherein the outer 
layer comprises a low f lexural modulus ionomer resin which includes 
a blend of a hard high modulus ionomer with a soft low modulus 
ionomer, the high modulus ionomer being a sodium, zinc, magnesium 
or lithium salt of a copolymer having from 2 to e carbon atoms and 
an unsaturated monocarboxylic acid having from 3 to 8 carbon atoms, 
the low modulus ionomer being a sodium or zinc salt of a terpolymer 
of an olefin having 2 to 8 carbon atoms, acrylic acid and an 
unsaturated monomer of the acrylate ester class having from 1 to 21 
carbon atoms. 



7. A golf ball according to claim 6 wherein the outer 
layer composition includes 90 to lo percent by weight of the hard 
high modulus ionomer resin and about 10 to 90 percent by weight of 
the soft low modulus ionomer reoin. 

8. A golf ball according to claim 6 wherein the outer 
layer composition includes 75 to 25 percent by weight of the hard 
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high modulus ionomer resin and about 25 to 75 percent by weight of 
the soft low modulus ionomer resin. 

9. A golf ball according to claim 1 wherein the non- 
ionomeric thermoplastic elastomer is a polyester polyurethane. 

10. A golf ball according to claim i wherein the non- 
ionomeric thermoplastic elastomer is a polyester elastomer. 

11. A golf ball according to claim i wherein the non- 
ionomeric thermoplastic elastomer is a polyester amide. 

12. A multi-layer golf ball comprising: 
a spherical core; 

an inner cover layer molded over said spherical 
core, said inner cover layer comprising an ionomeric resin 
including at least 16 % by weight of an alpha, beta-unsaturated 
carboxylic acid and having a modulus of irom about 15,000 to 
about 70,000 psi; 

an outer cover layer molded over said spherical 
intermediate ball to form a multi-layer golf ball, the outer 
layer comprising a blend of i, a sodium or zinc salt of . 
copolymer having from 2 to . carbon atoms and an unsaturated 
monocarboxylic acid having from 3 to 8 carbon atoms, and ii, 
a sodium or sine salt of a terpolymer of an olefin having 2 to 
B carbon atoms, acrylic acid and an unsaturated monomer of the 



acrylate ester class having fro- 1 to 21 carbon atoms, sald 
cuter cover layer having a modulus l n a range of about 1,000 
to about 30,000 psi. 

13. A multi-layer golf ball comprising: 
a spherical core; 

an inner cover layer molded over said spherical core 
to form a spherical intermediate ball, said inner cover layer 
comprising an ionomeric resin including about 17% to about 25% by 
weight of an alpha, beta-unsaturated carboxylic acid and having a 
modulus of from about 15,000 to about 70,000 psi; 

an outer cover layer molded over said spherical 
intermediate ball to form a multi-layer golf ball, the outer layer 
comprising a non-ionomeric thermoplastic selected from the group 
consisting of polyester elastomer, polyester polyurethane and 
Polyester amide, said outer cover layer having a modulus i„ a range 
of about 1,000 to about 30,ooo psi. 
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1*. A multi-layer golf ball comprising score, 
an inner cover layer and an outer cover layer, wherein 
the inner cover layer is comprised of a high acid ionomer 
or ionomer blend which may or may not include a filler 
(e.g. zinc-stearate), and the outer cover layer i s 
comprised of a soft, very low modulus ionomer or ionomer 
blend, or a non-ionomeric thermoplastic elastomer (e.g. 
polyurethane, polyester, or polyesteramide. 

15. A golf ball according to claim 1, 
substantially as hereinbefore described. 

16. A golf ball according to claim 12, 
substantially as hereinbefore described. 

17. A golf ball according to claim 13, 
substantially as hereinbefore described. 

18. A golf ball according to claim 14, 
substantially as hereinbefore described. 

de <h „ " baU * 8Ubata * tia "y - hereinbefore 

described with reference to and aa shown in th. 

drawings. * h- aocom P a »yin g 
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Standard Test Method for 

Rubber Property— Durometer Hardness 1 

This standard b haued under the Axed designation D 2240; the number immediately following the designation tndkato* the year of 
original adoption or. In the case or revision, the year of last revision. A number In parentheses tndleaies the year of lut reopproval, A 
superscript cpsikm (O indicates to editorial change since the fast revision or reapprovat. 

<' Nots — A footnote was removed from Note 3 In February 1999. 



1. Scope 

I , I This test method covers seven types of durometers A, B t 
C, D, DO, O and OCX and the procedure for determining 
indentation hardness of substances classified as rubber, cellular 
materials, elastomeric materials, thermoplastic elastomers and 
some hard plastics. 

1.2 This lest method is not applicable to the testing of 
fabrics. 

1.3 The values stated in SI units are to be regarded as 
standard. The values given in parentheses are for information 
only. 

1.4 This standard does not purport to address all of the 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 

D6I8 Practice for Conditioning Plastics fox Testing 2 

D 7S5 Test Method for Rockwell Hardness of Plastics and 

Electrical Insulating Materials 2 
D 1349 Practice for Rubber — Standard Temperatures For 

Testing 3 

D 4483 Practice for Determining Precision for Test Method 
Standards in the Rubber and Carbon Black Industries 3 

3. Summary of Test Method 

3.1 This test method permits hardness rneasurcments based 
on either initial indentation or indentation after a specified 
period of time, or both. 

Note I — Durometers with maximum reading pointers used to deter- 
mine initial hardness values may yield lower hardness when the maximum 
pointer is used. 

4. Significance and Use 

4.1 This test method is based on the penetration of a specific 



1 This test method Is under the Jurisdiction of ASTM Committee D-l I on Rubber 
and b the direct responsibility of Subcommittee Dl MO on Physical Testing. 

Current edition approved Feb. 10, 1997. PubHsned March 1997. Originally 
puMiihed as D 2240-64 T. Last previous edition D 2140-95. 

2 Annual Book of ASTM Standard, Vol 06,01. 
> Annual Book of ASTM Standard*, Vol 09.01. 



type of indentor when forced into the material under specified 
conditions. The indentation hardness is inversely related to the 
penetration and is dependent on the elastic modulus and 
viscoelastic behavior of the material. The shape of the indentor 
and the applied force Influence the results obtained so there 
may be no simple relationship between the results obtained 
with one type of durometer and those obtained with another 
type of durometer or other instruments for measuring hardness. 
This test method is an empirical test intended primarily for 
control purposes. No simple relationship is known to exist 
between indentation hardness determined by this test method 
and any fundamental property of the material tested For 
specification purposes it is recommended that Test Method 
D 785 be used for hard material. 

Note 2 — Durometer scale comparison chart only. This is not and 
cannot be used as a conversion reference. 

Type A I0 20K>4050«)70S090 IOO 

TypeB 10 203049506070*090 100 

TypeC 10 2030 40 50*0708090 100 

TypeD 10 20 3O4O50 60 60 70 8O90 100 

Type DO 10 2030405040701090 100 

TypeO 10 20 30 40 50 *0 70 80 90100 



TypeOO 10 20 JO 40 50 M 70 » 90 



too 



5. Apparatus 

5.1 Hardness measuring apparatus or durometer consisting 
of the following components: 

5. 1.1 Pnssser Foot, with a hole having a diameter as 
specified in Fig. 1(a), (6), or (c) with its center at least 6 mm 
(0.25 in*) from any edge of the foot 

5.1.2 Indentor. formed from hardened steel rod and shaped 
in accordance with Fig. 1(a), (6), or (c) with full extension 
adjustable between 2.46 to 2.54 mm (0.97 to 0. 100 in.). 

5.1.3 Indentor Extension Indicating Device (analog or elec- 
tronic), having a scale reading from 0 to 100 with equal 
divisions throughout the range. The scale reading is an inverse 
function of the indentor extension. The device shall have a 
pointer that moves on the scale at a rate of one hardness point 
for each 0.025 mm (0.001 in.) of indentor movement 

Note 3— Type A Shore Durometers aerial numbers 1 through 16 300 
and 16 351 through 16 900 and Type A-2 Shore Durometers numbers 1 
through 8077 do not meet the requirement of 2.46 to 2*54 mm (0.097 to 
0. 100 in.) extension of the Indentor at zero reading. These durometers will 
give readings which are low by amounts ranging from 3 units at 30 
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Note I — Spring Force Combinations: 

Foot, N - 0.550 + 0.075 «, 
where H x — hardness reading on Type A, B and O durometers. 

Force, N « 0.4445 H Y 
where H f = hardness reading on Type C D and DO durometers. 

Force, N - 0.203 + 0.00908 
where /Y^ ■= haxdncss reading un Type OO d urometers. 

FIG. 1 Duromotor, IrKterttor and Spring Fore* Combinations 



hardness to I unit at 90 hardness. 

5.1.4 Timing Device (optional), capable of being set to a 
desired elapsed time* signalling the operator or holding the 
hardness reading when the desired elapsed time has been 
reached. The rimer should be automatically activated when the 
presser foot is in firm contact with the specimen being tested. 

5.13 Calibrated Spring, for applying force to the indentor 
in accordance with Fig. 1. 

6. Test Specimen 

6.1 The test specimen shall be at least 6 mm (0.25 in.) in 
thickness unless it is known that results equivalent to the 6 mm 
values are obtained with a thinner specimen (see Note 4), A 



IncttUUL k>r materials havli^htrdnca values above 50 Type 0 
durometer, the thickness of the sr^ men should bear 3 ram (0.12 iri.) 
and measurements should not be made closer than 6 mm (0.25 in.) to any 
edge. 

7. Calibration 

7.1 The durometer spring shall be calibrated by supporting 
the durometer in a vertical position and applying a measurable 
force to the indentor tip (see Fig. 2). The device used to apply 
the force may be a dead weight or electronic load cell device 
capable of measuring applied force at SO % of the calibration 
tolerance. Care should be taken to ensure that the force is 
applied vertically to the indentor tip, as side loads will cause 
errors in calibration. Spring calibration shall be verified on all 
durometer at scale readings of 20, 30, 40, 50, 60, 70, 80 and 90. 
The measured force (9.8 X mass in kilograms) shall be equiva- 
lent to the force calculated by the equation in Fig. I. The 
measured force for Type A, B and O durometers shall be within 
±0.08 N. For Type C, D and DO durometers it shall be within 
±0,44 N t and for Type OO durometers it shall be within 
±0.025 N. 

Note 5 — Instruments specifically designed for the calibration of 
durometers may be used 

12 Indentor extension and shape must be in accordance 
with 5.1.2. With the durometer placed firmly on a flat surface 
the indicator should read a number equal to the indentor 
extension measured in inches X 1000, within ±05 durometer 
points. 

Note 6 — When rjertbrming the procedure in 13. on Type B and D 
durometers care should be used not to damage the indentor tip. 

7,3 Test blocks (rubber or spring type) provided for check- 
ing durometer operation are not to be relied upon as calibration 
standards. The calibration procedures outlined in 7.1 and 7.2 
are the only valid calibration methods. 

8. Conditioning 

8.1 Tests shall be made at 23 ± 2°C (73.4± 3.6°F). For 
materials whose hardness depends on relative humidity, the 
specimen shall be conditioned in accordance with Procedure A 
of Practice D 618 and tested under the same conditions. 
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RG. 2 Apparatus for Calibration of Duroowtor Spring 



Were 7— No conclusive evaluation has been nude on duromcten at 
temperatures other than 23 ± TC (73* ± 3.6°F). Conditioning at 
temperatures other than the above may ihow changes in calibration. 
Durometer use aC temperatures other than the above should be decided 
locally (tee Practice D 1349). 

9. Procedure 

9.1 Place the specimen on a hard, horizontal surface. Hold 
the durometer in a vertical position with the point of the 
indentor at least 12 mm (0.5 in.) from any edge of the 
specimen, unless it is known that identical results are obtained 
when measurements are made with the indentor at a lesser 
distance. Apply the presser foot to the specimen as rapidly as 
possible, without shock, keeping the foot parallel to the surface 
of the specimen. Apply just sufficient pressure to obtain firm 
contact between presser foot and specimen. 

Mote S— Better repeatability may be obtained by using a mass centered 
on the axis of the indentor. Recommended masses are 1 kg for Type A, B 
and O durometer*, 5 kg for Type C D and DO duioroeters, and 400 g for 
Type OO durometer*. Durometer stands wing the nuwses above as a 
constant load and a controlled descent speed, without shock, produce 
maximum repeatability. 

9J2 For any material covered in 1.1, after the presser foot is 
in firm contact with the specimen, the scale reading is to be 
taken within 1 s or after any period of time agreed upon 
between supplier and user unless the durometer has a maxi- 
mum indicator, in which case the maximum reading is taken. 
The hardness reading may progressively decrease with time 
delay. 

9.3 Make one measurement at each of three or five different 
points distributed over the specimen at least 6 mm (0.25 in.) 
apart using the median of these measurements for the hardness 
value. 

Mors 9— The type of durometer should be selected with the knowledge 
that readings below 10 or above 90 are not considered reliable by the 
manufacturer. It is suggested that readings in these ranges not be recorded. 

10. Report 

10.1 Report me following information: 

10.1.1 Hardness value obtained, 

10.1.2 Complete identification of the material tested, 

1 0. 1 .3 Vulcanization date, 



10. 1- 4 Description of specimen, including thickness and 
number of pieces plied, If less than 6 mm (0.25 in.), 
10.13 Temperature of test if other than 23°C 

10.1.6 Relative humidity when hardness of material is 
dependent on humidity, 

10.1.7 Type and serial number of durometer, 

10.1.8 Indentation hardness time interval at which reading 
was taken, and 

10.1.9 Date of test 

Note 10— Readings may be reported in the form: A/45/ 1 5 where A is 
the type of durometer, 45 the reading, and IS the time in seconds that the 
pressure foot is in firm contact with the specimen. Similarly, IV60/1 
indicates a reading of 60 on the Type D durometer obtained either within 
1 s or from a maximum rndtoator. 

11. Precision and Bias 4 

U.I These precision and bias statements have been pre- 
pared in accordance with Practice D4483. Refer to this 
Practice for terminology and other testing and statistical 
concepts. 

1 1 .2 The Type 1 precision for both Type A and D methods 
was determined from an interiaboratory program with three 
materials of varying hardness, with six participating laborato- 
ries. Tests were conducted on two separate days in each 
laboratory for both A and D testing programs. All materials 
were supplied from a single source. 

11.3 A test result for hardness (bom A and D) was the 
median of five individual hardness readings on each day in 
each laboratory. 

1 1 .4 Table I shows the precision results for Type A method. 
Table 2 gives the precision results for Type D method. 

1 1 5 The precision results in this precision and bias section 
give an estimate of the precision of this test method with the 
materials (rubbers) used in the particular interiaboratory pro- 
gram as described above. The precision parameters should not 
be used for acceptance or rejection testing, or both, of any 
group of materials without documentation that they are appli- 
cable to those particular materials and the specific testing 
protocols that include this test method. 



4 Support! og data are available from ASTM Headquarters. Request RR:DI I- 
1029. 
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Materiel 


Average 

Level 


Wlthlo Laboratories 




pn Labon 


\Sof\os 


Sr A 


f» 




SH U 






1 

2 
S 


Si.4 
65.3 

es.o 


0.646 
0.878 
0.433 


1.63 
2.48 
1-23 


3.S6 
3.81 
1.80 


1.56 
2.14 
2.28 


4,41 
6.08 
8.45 


8.69 
9.27 
9.49 


Pootod 


81.0 


0.877 


\S2 


3.11 


2.018 


5.72 


9.28 



* Sr- repeataMKy standard deviation, ineaaurement witte. 
" r - repeatability - 2*83 x Sr. measurement untte. 
c (r) - repeated**. retaUve, (that te. in p*f»nt). 
° Sfl « reptodudbUy standard deviation, meawement unfta. 
*ft-repmdudbilty-2je3x ^measurement unto, 
- repnxtadbttty, reialrve, (that la, m fwwnt). 



Material 


Average 


Wrfhin Laboratories 


Between Laboratories 


Level 


6r A 


/* 




Sfl p 


R e 


W - 


i 


42.6 


0.316 


0.894 


2.10 


2.82 


7.68 


18.7 


2 


54.5 


0.791 


2*4 


4.11 


a.54 


10.0 


18.4 


3 


82.3 


1.01 


2.86 


3.47 


3.64 


10.0 


12.2 


Pooled 


59.8 


0.762 


2.16 


3.61 


3.32 


9.40 


15.7 



w* — reywmnnj — — 

* f - Tepeatabtty - 2.83 x Sr. measurement units. 

c (r) « repeatablEty, relative, (that ts, in percent). 

°SR" reproducfeUty standard deviation, rneaaurement units, 

e H - reproductotlty « 2.83 x SB, measurement unfcs. 

'(H) - rapioduciMty. relative, (that b. (n percent). 

1 1.6 Precision — The precision of this lest method may be 
expressed in the format of the following statements which use 
as appropriate value r. R, (r) or (*), that is, that value to be used 
in decisions about test results (obtained with the test method). 
The appropriate value is that value of r or R associated with a 
mean level in Table 1 and Table 2 closest to the mean level 
under consideration (al any given time, for any given material) 



in routine testing operations. 

11.6.1 Repeatability— The repeatability, r, of this test 
method has been established as the appropriate value tabulated 
in Table I and Table 2. Two single test results, obtained under 
normal test method procedures, that differ by more than this 
tabulated r (for any given level) must be considered as derived 
from different or nonidentical sample populations. 

11.6.2 Reproducibility— -The reproducibility, R 9 of this test 
method has been established as the appropriate value tabulated 
in Table 1 and Table 2. Two single test results obtained in two 
different laboratories, under normal test method procedures, 
that differ by more than the tabulated R (for any given level) 
must be considered to have come from different or nonidentical 
sample populations. 

1 1.63 Repeatability and reproducibility expressed as a per- 
centage of the mean level (r) and (R), have equivalent 
application statements as above for r and R. For the (r) and (A) 
statements, the difference in the two single test results is 
expressed as a percentage of the arithmetic mean of the two test 
results. 

11.7 Bias — In test method terminology, bias is the differ- 
ence between an average test value and the reference (or true) 
test property value. Reference values do not exist for this test 
method since the value (of the test property) is exclusively 
defined by this test method. Bias, therefore, cannot be deter- 
mined. 

12. Keywords 

12.1 durometer hardness 
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